One of the mainstays of sepsis and septic shock management is early intravenous fluid resuscitation to correct intravascular hypovolemia and restore adequate perfusion (1) . There is an ongoing controversy on the optimal volume and choice of intravenous fluids to be administered (2, 3) . Recent systematic reviews and meta-analyses have concluded that pentastarch and hydroxyethyl starch are inferior to crystalloids as starch solutions increase the risk of kidney injury and death in patients with sepsis (4, 5) . Non-synthetic colloids such as albumin demonstrated no additional measurable harm or benefit when compared to crystalloids in sepsis (6, 7) . While the debate on crystalloids vs. nonsynthetic colloids continues, another deliberation regarding the choice of crystalloids; 'balanced' vs. 'non-balanced', has started to garner interest. Saline (0.9% NaCl solution), also widely known as 'normal' saline or 'physiological' saline is by far the most commonly used intravenous solution in the world with over 200 million liters sold annually in the United States alone (8) . Over 1 million liters of intravenous saline are administered to patients worldwide daily (9) . Paradoxically, normal saline has been identified as neither normal nor physiological in an editorial way back in 1970 (10) . It is considered 'non-balanced' due to its supra-physiological concentration of chloride ions ( Table 1) . Liberal administration of saline has been shown to result in hyperchloremia and metabolic acidosis (11, 12) . Hyperchloremia is postulated to mediate vascular smooth muscle contraction, which potentiates norepinephrine and angiotensin II-induced vasoconstriction thus reducing renal blood flood via tubulo-glomerular feedback (13, 14) . In addition, excessive salt administration causes decreased diuresis, fluid overload and interstitial edema leading to further reduction in renal blood flow (15) . Both mechanisms exacerbate the risk of pre-renal kidney injury. The hyperchloremic metabolic acidosis may also have deleterious effects on the immune system that is demonstrated by increased plasma nitric oxide levels and pro-inflammatory cytokines (16) .
The search for the ideal fluid for resuscitative use, which should best resemble constituents of human plasma, has led to the development of 'balanced' solutions that have minimal effect on the acid-base equilibrium, or with a physiological or low content of chloride. Examples of such solutions include Ringer's lactate, Hartmann's solution, Plama-Lyte and Sterofundin ( Table 1) . Many have jumped on the recent bandwagon to reduce the use of chloride-rich solutions in favour of balanced solutions. The current clinical evidence for the use of balanced solutions, particularly in sepsis and septic shock is largely drawn from observational studies involving patients with sepsis, septic shock or systemic inflammatory response syndrome (17, 18) . Other observational studies from intensive care units have also demonstrated decreased risk of acute kidney injury in patients receiving balanced solutions compared to saline (19) (20) (21) . However, mixtures of intravenous fluids are frequently used in clinical practice, and it is unclear if morbidity and mortality are influenced by different mixtures of fluids.
A study by Raghunathan and colleagues published in 2015 sought to test the hypothesis that specific mixtures of intravenous fluids during initial resuscitation in patients with sepsis are associated with outcomes such as mortality, length of hospital stay and cost (22) . This retrospective cohort study included 60,734 patients with sepsis over 5 years (from 2006 to 2010) from 360 intensive care units across the United States. Four mutually exclusive categories were compared with one another: (I) patients who received saline exclusively; (II) patients who received saline and balanced crystalloid solutions; (III) patients who received saline and colloids (either hydroxyethyl starch or albumin); and (IV) patients who received all three types of fluids. After inverse probability weighting-based adjustment, patients who received saline and balanced solutions had the lowest in-hospital mortality of 17.7%. The effects were maintained even after hierarchical logistic regression modelling and pairwise propensity score matching on day 2 of hospitalization. They also showed that treatment with colloids resulted in increased mortality when balanced crystalloids were not coadministered and no difference in survival when balanced crystalloids were coadministered. Therefore, the authors surmised that the distinction between types of crystalloids used were more significant than the crystalloid vs. colloid differentiation.
The results of this study by Raghunathan and colleagues seem to back up previous systematic reviews on the deleterious effects specifically of synthetic colloids from previous systematic reviews and meta-analyses (4, 5) . The main drawback of this study is its retrospective nature, though the authors have commendably gone through great lengths using statistical methods to control for confounding. Another limitation is the use of administrative and financial data rather than actual chart reviews. Furthermore, only 9.2% of those meeting the inclusion criteria were finally analysed after various exclusion criteria were applied and only included vasopressor-dependent sepsis, further limiting its generalizability (22) . Nevertheless, this study is currently the only one that tried to examine pragmatically how realworld use of mixtures of fluids is associated with clinically important outcomes. It is likely that the practice of using different solutions at different times is prevalent worldwide. Despite its shortcomings, the results of this study may shed some light into the effects of various combinations of intravenous fluids in critically ill patients.
The benefits of balanced solutions have also been demonstrated in other clinical scenarios where the patients required large amounts of intravenous fluids. In perioperative care, the administration of balanced solutions to adult and pediatric patients in surgery was shown to be associated with less metabolic derangement, in particular hyperchloremia and metabolic acidosis (23) . Similar associations were also demonstrated in patients who suffered acute severe traumatic injuries requiring fluid and blood transfusion (24) . In patients requiring major open abdominal surgery, treatment with balanced solutions was associated with fewer complications, namely postoperative infection, renal failure requiring dialysis, blood transfusion, electrolyte disturbance, acidosis investigation and intervention (8) .
The maelstrom concerning the use of saline mainly centers on its chloride content. The possibility of hypernatremia and its association with adverse outcomes has not been addressed in detail (25) . Of note are the differences in osmolarity and osmolality between saline and balanced solutions ( Table 1 ) (26) . The values of osmolarity and osmolality are interchangeable in dilute physiological solutions. However, incomplete ionization of the solutes in balanced solutions like Ringer's lactate and Hartmann's solution renders them hypotonic compared to normal plasma in vivo (27) . A study on human volunteers showed that infusion of large volumes of Ringer's lactate decreased serum osmolality and shorter time to first urine output (28) . It was postulated that the inhibition of release of antidiuretic hormone resulted in this finding. Such disparity needs to be considered from a mechanistic perspective in future studies.
While the presence of hyperchloremic acidosis is irrefutable in saline infusion, the degree of adverse effects is directly related to the amount of fluid administered (29) . Correction of hyperchloremic acidosis alone is unlikely to lead to substantial clinical benefits as it has been considered inconsequential, resolving within a day if appropriate amounts of saline are administered (30) . The lack of potassium in saline solution may be viewed as an advantage in some conditions such as renal failure where risk of hyperkalemia is relatively higher. The use saline infusion in The only randomized trial done thus far to compare saline vs. balanced solutions in intensive care units was recently published (31) . Plasma-Lyte 148 was compared to saline in a multi-center, cluster-randomized, double-crossover study that failed to demonstrate any difference in risk of acute kidney injury [relative risk (RR), 1.04; 95% confidence interval (CI), 0.80-1.36], requirements of renal replacement therapy (RR, 0.96; 95% CI, 0.62-1.50) and mortality (RR, 0.88; 95% CI, 0.67-1.17) at 90 days in 2,092 patients in the intensive care unit. Although the trial is of a superior design compared to previous observational studies, the study population consisted of mainly non-septic surgical patients who had a low overall incidence of acute kidney injury (9.4%) and mortality (8.0%). The very small subgroup analysis of patients with sepsis (n=77) demonstrated a higher incidence of acute kidney injury (20.8%) and mortality (15.5%). Thus, the treatment effect of balanced solutions in this low-risk group may be underestimated.
In conclusion, based on current, predominantly observational evidence, it is justifiable to consider balanced solutions as the first choice crystalloids for resuscitation of septic patients. The solution (pun intended) to the conundrum of which is the ideal crystalloid to use in sepsis is far from close. Further multicenter randomized trials including medium to high risk septic patients are required to arrive at more robust conclusions and provide more concrete recommendations.
